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EUROPEAN PATENT APPLICATION 



@ Vascular endothelial cells growth factor. 

@ A novel protein of human origin produced by a human ovarian tumor established cell line HUOCA-il or 
HUOCA-III, which has a molecular weight, when determined by SDS-pdyacryl amide gel electrophoresis, 
of from 72,000 to 80,000 daltons under a non-reducing condition or from 79,000 to 85,000 daltons under 
a reducing condition, which contains an amino add sequence represented by the Sequence ID No. 4 
deduced from the DNA sequence represented by the Sequence ID No. 5, and which enhances growth of 
vascular endothelial cells but does not activate growth of smooth muscle cells, fibroblasts and 
hepatocytes and also does not enhance or inhibit growth of HeLa cells. This invention also provides a 
process for the production of the protein. 
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HUOCA-II or HUOCA-III, which has the following properties of: 

(1) having a molecular weight when determined by SDS polyacryl amide gel electrophoresis, of from 
72.000 to 80,000 daltons under a non-reducing condition or from 79,000 to 85,000 daltons under a reducing 
condition; 

5 (2) containing three peptide chains, respectively represented by the Sequence IO Nos. 1, 2 and 3 as at- 

tached hereto (in the Sequence ID No. 3, "Xaa" means an unidentified amino acid residue), in one mole- 
cule; 

(3) having an activity to enhance the growth of vascular endothelial cells; 

(4) having no activity to enhance the growth of fibroblasts; vascular smooth muscle cells and hepatocytes; 
10 (5) having no activity to enhance or Inhibit the browth of HeLa cells; and 

(6) having an activity to enhance formation of new blood vessels. 

According to a second aspect of the present invention, there is provided a protein of human origin which 
contains an amino acid sequence or a portion of the amino acid sequence represented by the Sequence ID 
No. 4 attached hereto that has been identified by isolating a corresponding total RNA molecule from HUOCA- 

15 II or HUOCA-III cells, cloning a cDNA corresponding to the proteins, determining the DNA sequence of the 
cDNA and deducing an amino acid sequence from the DNA sequence. 

According to a third aspect of the present invention, there is provided a process for the production of a 
protein of human origin according to the first or second aspect of the present invention, which comprises pur- 
ifying a serum-free culture supernatant of a human ovarian tumor cell or established cell line thereof, especially 

20 HUOCA-II or HUOCA-III, by an optional combination of purification techniques including (a) cation exchange 
chromatography, (b) heparin affinity chromatography, (c) heparin affinity high performance liquid chromatog- 
raphy and (d) reverse phase high performance, liquid chromatography, or which comprises the steps of (i) pre- 
paring a DNA fragment containing a nucleotide sequence which encodes the protein or a portion of the protein 
shown in the Sequence ID No. 4 attached hereto, (ii) obtaining a transformant by transforming cells of a host 

25 with the DNA fragment prepared in the above step (i) or with a vector containing the DNA fragment and (Hi) 
culturing the transformant obtained in the above step (ii) to allow the transformant to produce the protein of 
the Sequence ID No. 4, or a portion of the protein, subsequently recovering the protein from resulting culture 
mixture. % 

According to a fourth aspect of the present invention, there is provided a pharmaceutical preparation which 
30 contains the protein or a portion of the protein of the first and/or second aspect of the present invention as an 
active ingredient 

According to a fifth aspect of the present invention, there is provided a DNA fragment or cDNA-fragment 
which contains a nucleotide sequence or a portion of the nucleotide sequence represented by the Sequence 
ID No. 5 attached hereto wherein at least one base may be substituted based on the degeneracy of genetic 
35 code. 

According to a sixth aspect of the present invention, there is provided an expression vector containing the 
DNA fragment, as well as a transformant transformed with the DNA fragment or the expression vector. 

Other objects and advantages of the present invention wilt be made apparent as the description progress- 
es. •.■•*. 

40 . - 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the absorbance, measured at a wave length of 280 nm, of each eluate fraction 
resulting from the treatment of an HUOCA-III serum-free culture supernatant with cation exchange chroma- 
45 tography. ... 

Fig. 2 is a graph showing the results of the measurement of activities In the eluate fractions obtained In 
Fig. 1 to enhance the growth of vascular endothelial cells. 

Fig. 3 is a graph showing .the absorbance, measured at a wave length of 280 nm, of each eluate fraction 
resulting from a heparin affinity chromatographic treatment of the active fractions of the cation exchange chro- 
50 matography eluates having the vascular endothelial cell growth-enhancing activity. 

Fig. 4 is a graph showing the results of the measurement of activities in the eluate fractions obtained in 
Fig. 3 to enhance the growth of vascular endothelial cells, 

Fig. 5 is a graph showing the absorbance, measured at a wave length of 215 nm, of each eluate fraction 
resulting from a heparin affinity high performance liquid chromatographic treatment of the active fractions of 
ss the heparin affinity chromatography eluates having the vascular endothelial cell growth-enhancing activity. 

Fig. 6 is a graph showing the results of the measurement of activities in the eluate fractions obtained in 
Fig. 5 to enhance growth of vascular endothelial cells. 

Fig. 7 is a graph showing the absorbance, measured at a wave length of 215 nm, of each eluate fraction 
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same buffer solution containing 150 mM of NaCI. The thus diluted sample is applied to a heparin-Sephar- 
ose column, washed with the same buffer solution containing 0.5 M NaCI and then subjected to a linear 
gradient elution using two buffer solutions respectively containing 0.5 M NaCI and 2 M NaCI to collect active 
fractions showing the activity to enhance the growth of vascular endothelial cells [step (b)]. • 

(iii) The active fractions obtained in the above step (ii) are diluted in the same manner, applied to a heparin 
column for high performance liquid chromatography use and then subjected to elution in the same manner 
to collect active fractions showing the activity to enhance the growth of vascular endothelial ceils [step 
(c)J. 

(iv) The active fractions obtainedin the above step (iii) are applied to a column for reverse-phase high- 
performance liquid chromatography use to obtain a purified product (protein) having the activity to enhance 
the growth of vascular endothelial cells [step (d)]. 

Any usually used buffer solution such as a phosphate buffer or the like may be used in the above glyco- 
protein preparation steps, and Sepharose or any other general purpose carrier may be used as a carrier of 
heparin. 

The thus purified product has been identified as a glycoprotein, namely a sugar chain-attached protein 
molecule, on the basis of the facts that (1), when the purified product was allowed to react with a sugar chain- 
hydrolyzing enzyme N-glycanase and the resulting product was analyzed by 0.1% SDS-containing 1.0% pdy- 
acrylamide gel electrophoresis, the electrophoresis pattern of the thus treated product showed a decreased 
molecular weight level due to the digestion of sugar chains and (2) the purified product showed an affinity for 
concanavatin A. 

In addition, the protein portion of the glycoprotein of the present invention was identified as a single chain 
protein molecule, because the purified product showed a single band when analyzed by 0.1% SDS-containing 
10% polyacryl amide gel electrophoresis under reducing conditions. 

Though the amino acid sequence of the protein portion of the thus obtained glycoprotein could be deter- 
mined by any usually used means, the following illustrative steps (1) to (3) were employed herein in that order. 

Determination of amino acid sequence 

(1) Reductive carboxymethylation 

The sample purified and isolated in the aforementioned step (iv) by reverse-phase high-performance liquid 
chromatography was concentrated using a concentrator and eluted with an eluting solution consisting of 8 M 
urea, 0.5 M Tris-HO pH 8.0 and 1 mM EDTA. To this was added dithiothreitol to a final concentration of 20 
mM. After nitrogen gas flush, the reduction reaction was carried out in the darkfbr2 hours at room temperature. 
Thereafter, monoiodoacetic acid was added to the resulting reaction mixture to a final concentration of 20 mM, 
and the alkylation reaction was carried out in the dark for 30 minutes at room temperature. . 

(2) Digestion with lysyl endopeptidase 

The reductive alkylation product obtained in the above step (1) was mixed with 2-mercaptoethanol, fol- 
lowed by the addition of 0.1 N NaOH to adjust the mixture to pH 8.5. Lysyl endopeptidase (Wako Pure Chemical 
Industries, Ltd.) was added in a 1:10 (w/w) ratio to the thus prepared substrate to carry out the enzymatic hy- 
drolysis reaction at 37°C for 4 hours. 

(3) Fractionation of peptide fragments and determination of the amino acid sequence 

The peptide fragments mixture obtained in the above step (2) were separated by reverse-phase high- 
performance chromatography using an RP300 column (Applied Biosystems, Inc.). The elution was carried out 
by linear concentration gradient of acetonitrfe from 0% to 60% in the presence of 0.1% TFA. The thus obtained 
peptide fragments by the elution treatment were subjected to Edman degradation using a gas phase sequencer 
(Model 477 A; Applied Biosystems, Inc.). and the resulting PTH-amino acids were identified using a high- 
performance liquid chromatography for PTH-amino acid identification use (Model 120A; Applied Biosystems, 
Inc.). As the results, it was found that the protein portion of the glycoprotein of the present invention contained 
three peptide chains respectively represented by the Sequence ID Nos. 1, 2 and 3. 

Determination of the complete DNA sequence by PCR 

The amino acid sequence determined in the above step (3) coincided well with that of human hepatocyte 
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or hepatocytes m human and animals and does not enhance of inhibit the growth of HeLa cells. Because of 
such nature, the growth of vascular endothelial cells can be enhanced selectively and, as the results, new for- 
mation of Wood vessels can be effected smoothly without causing secondary reactions. 

The term "it does not enhance the growth of fibroblasts; vascular smooth muscle cells or hepatocytes and 
5 does not enhance or inhibit the growth of HeLa cells" as used herein includes two cases; one case meaning 
that it does not enhance the growth of fibroblasts, vascular smooth muscle cells or hepatocytes and does not 
enhance or inhibit the growth of HeLa cells at all, and the other case meaning that it shows these activities 
to some extent but to an extremely small degree in comparison with its activity to enhance the growth of vas- 
cular endothelial cells. . • , 
10 Illustrative procedures for the measurement of activities of the protein of the present Invention to enhance 
the growth of vascular endothelial cells, fibroblasts, vascular smooth muscle cells, hepatocytes and HeLa cells 
and to Inhibit the growth of HeLa cells will be described later in detail in Examples. . 

In addition to the above properties, the protein of the present invention shows an affinity for concanavalin 
A. In the present invention, the affinity for concanavalin A was examined in the following manner. 

15 

Measurement of affinity for concanavalin A 

Using a dot blot apparatus (BioDot Bio-Rad Laboratories, Inc.), a 500 ng portion of the purified product 
described in the foregoing was adsorbed to a nitrocellulose membrane (Bio-Rad Laboratories, Inc.) which has 

20 in advance been soaked in 10 mM Tris-HCI buffer (pH 7.5) containing 0.15 M NaCI. After air-drying, the re- 
sulting membrane was washed by soaking it for 10 minutes in 10 mM Tris-HCI buffer (pH 7.5) containing 0.15 
M NaCI and 0.05% Tween and then replacing the washing buffer by a fresh one. After. repeating the washing 
step 4 times, the membrane was soaked for 1 hour at 4°C in the same buffer which has been further supple- 
mented with 1 % BSA (bovine serum albumin), and washed again. 

25 The thus treated membrane was soaked in a solution containing 10 ug/ml of labelled horseradish peroxi- 
dase (HRP) - concanavalin A at 4°C for 1 hour and washed again. Thereafter, the HRP remaining after the 
washing was allowed to perform a coloring reaction In the presence of H 2 0 2 using 3,3'-diaminobenzldine as 
a substrate, in order to judge the affinity of the Inventive protein for concanavalin A As the results, the purified 
product blotted on the membrane showed development of a brown color, while a control test resulted In no col- 

30 oration, thus confirming the affinity of the purified product for concanavalin A. 

As described in the foregoing, the protein of the present invention is possessed of excellent ability to en- 
hance vascular endothelial cells growth as well as its function to enhance new formation of blood vessels. Be- 
cause of such nature, a physiologically active pharmaceutical preparation containing the inventive protein can 
be used as a healing enhancer of wound, burn injury, decubitus, postoperative tissue damage or the like or 

35 as a drug for the treatment of card iac angiopathy, as welt as its application to artificial organs such as artificial 
blood vessel, artificial skin and the like. In addition, antibodies specific for the protein of the present invention 
and inhibitors of the inventive protein can be used effectively as diagnostic and therapeutic drugs of malignant 
tumor, retinopathy, chronic rheumatoid arthritis and the like. 

40 EXAMPLES 

The following examples are provided to further illustrate the preparation process of the protein of the pres- 
ent invention, the measurement of its molecular weight, its activities on various cells and the presence or ab- 
sence of its sugar chain moiety. It is to be understood, however, that the examples are for purpose of Illustration 
<5 only and are not intended as a definition of the limits of the invention. 

Example 1 

(A) Preparation of the protein, measurement of its molecular weight and determination of its aminoacid se- . 
so quence 

(1) To 10 liters of HUOCA-lll serum-free culture supernatant was added CHAPS (3-[(3-cholamidopropyt)di- 
methylammonio]-1-propanesulfonate; Dojin Kagaku K.K.) to a final concentration of 0.03%. The thus pre- 
pared serum-free culture supernatant was applied to a 40 ml volume of S-Sepharose (Fast Row, Phar- 
55 macia) which has been equilibrated in advance with 10 mM phosphate buffer (pH 7.2) containing 0.15 M 

NaCI and 0.03% CHAPS, and the contents were adsorbed at a flow rate of 200 ml/hour at 4°C. After wash- 
ing with the just described buffer solution containing 0.15 M NaCI, the adsorbed contents were eluted by 
a linear NaCI gradient using two buffers containing 0.15 M NaCI and 2.0M NaCI at a flow rate of 200 ml/hour 
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[Molecular weight markers] 


1. Rabbit muscle phosphorylase 


(M.W., 97,400 daltons) 


2. Bovine serum albumin 


(M.W.. 66,200 daitons) 


3. Ovalbumin 


(M.W., 45,000 daltons) 


4. Carbonic anhydrase 


(M.W., 31,000 daltons) 


5. Soybean trypsin inhibitor 


(M.W., 21 ,500 daltons) 


6. Lysozyme 


(M.W., 14,400 daltons) 



The thus obtained electrophoresis pattern is shown in Fig. 9. As is evident from the figure, the highly puri- - 
fied product obtained in the above step (4) has a molecular weight of 72.000 to 80,000 daltons under non-re- 
ducing condition, or 79.000 to 85,000 daltons under reducing condition, when measured by SDS polyacryla- 
mide gel electrophoresis. It is evident also that the purified product is a single chain protein. ; 

After the electrophoresis, the gel was cut out at intervals of 2 mm. Each of the thus cut portions was put 
into a test tube, ground into pieces, mixed with 500 ul of a buffer solution 0.03% CHAPS, 20 mmoJ PB pH 12. 
and then shaken at4°C for 16 hours. The resulting mixture was centrifuged to recover supernatant fluid which 
was subsequently dialyzed against a buffer solution 0.03% CHAPS, 20 mmol PB pH 7.2. Contents in the thus 
dialyzed solution was freeze-dried and then dissolved in 100 uJ of a buffer solution 0.03% CHAPS, 20. mmol 
PB pH 7.2 to measure the activity to enhance the growth of bovine aorta endothelial cells in the same manner 
as described in the foregoing. As shown in Figure 10, the endothelial cell growth-enhancing activity was ob- 
served in 72,000-80,000 molecular weight fraction obtained under non-reducing condition. 

When the amino acid sequence of the highly purified product was determined in accordance with the pro- 
cedure described in the foregoing, it was confirmed that the product contained three peptide chains respec- 
tively represented by the Sequence ID Nos. 1 , 2 and 3. 

Also, in order to confirm the addition of sugar chains to the highly purified product, 5 yl (250 ng) of the 
high purity product and 3.2 ul of N-glycanase (Genzyme Corp.; 250 units/ml) were added to 30 jxl of 50 mM 
Tris-HCI buffer (pH 8.0). After 1 8 hours of reaction, the resulting mixture was subjected to 0.1 % SDS-10% poly- 
acrylamide gel electrophoresis, followed by silver staining. As shown in Fig. 11, the resulting electrophoresis 
pattern dearly indicated a decrease in the molecular weight of the N-glycanase-treated product due to the 
separation of sugar chains. 

(B) Cloning of the DNA and estimation of the amino acid sequence • 

(a) Synthesis of the cCNA 

A 5 pi portion of the total RNA sample (10 ng/yl) which has been prepared from the human ovarian tumor 
cell line HUOCA-III by the SDS-phenol method was incubated at 70°C for 5 minutes and then cooled down, 
rapidly. After 5 minutes of cooling on an ice bath, to this were. added 10 jil of a 5 x buffer solution for reverse_ 
transcription use (250 mM Tris-HCI/pH 8.3, 375 mM KCI, 15 mM MgCI2), 15 pi of 2.5 mM dNTP f (a mixture of 
dATP, dCTP, dGTP and dTTP; Takara Shuzo Co., Ltd.), 0.5 jjJ of 1 M DTT (dithiothreitoi), 1 ul of oik 
go(dT) 12 _i 8 (Amersham), 2.5 \\ of a ribonuclease inhibitor (200 U/^I, Takara Shuzo Co., Ltd.), ,13 of distilled 
water and 3 pi of M-MLV reverse transcriptase (200 U/ul, GIBCO-BRL). The thus prepared mixture was incu- 
bated at 37*C for 1 hour to effect cDNA synthesis. After removing the proteinous materials from the resulting 
reaction mixture by phenol treatment, the cDNAof interest was recovered by ethanol precipitation, dissolved 
in 50 id of distilled water and then stored at -80°C. 

(b) Amplification of the cDMA which encodes the HUOCA-lll-originated novel protein by polymerase chain 
reaction (PCR) 

To 5 jil of the cDNA aqueous solution were added 70 ul of distilled water, 10 uJ of a 10 x buffer solution for 
PCR use (500 mM KCI, 15 mM MgCI2, 100 mM Tris-HCI/pH 8.3, 0.01% (w/v) gelatin), 8 uJ of dNTP (Takara 
Shuzo Co., Ltd.), 3 uJ of a 5" primer (5* TCTTTTAG GCACTG ACTCCGAACAG G ATTCTTTCAC 3', 1 ug/ul) and 
3 u! of a 3' primer (5 f GTTGTATTG GTG GATCCTTC AGACACACTTACTTCAG 3'). The thus prepared mixture 
was incubated at 95°C for 7 minutes, followed by rapid cooling. The thus treated solution was mixed with 1 uJ 
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7.0, 15% ethanol). After washing the column twice with 4 ml of QC buffer solution (1 M NaCI. 50 mM MOPS/pH 
7.0, 15% ethanol), the plasmid was eluted with 2 ml of QF buffer solution (1.2 M NaCI, 15% ethanol, 50 mM 
MOPS/pH 8.0). The eluate was mixed with 500 pi of isopropanol.and centrifuged at room temperature for 30 
minutes. Thereafter, the precipitate thus obtained was washed with 70% ethanol and dissolved in 100 ui of 
5 distaied water. 

(h) Determination of the nucleotide sequence by the dideoxy method 

A 16 uJ (3 pg) portion of the plasmid solution prepared in the above step (g) was mixed with 2 uJ of 2 N 

w NaOH and 2 pi of 2 mM EDTA, and the mixture was incubated at 37°C for 25 minutes to denature the plasmid. 
After the alkali denaturation, the resulting solution was mixed with 2 pi of 3 M sodium acetate and 100 pi of 
cold ethanol, and ethanol precipitation was effected by maintaining the mixture for 10 minutes at -80°C. The * 
thus precipitated plasmid was recovered by centrifugation, washed with 70% ethanol and then dissolved in 7 
pi of distilled water. To this were added 1 pi of a primer (0.5 pmole) and 2 uJ of a 5 x buffer solution A (250 mM 

15 NaCI, 200 mM Tris-HCI/pH 7.5. 100 mM MgCI2): After 2 minutes of incubation at 65°C, the resulting solution 
was gradually cooled down to 30°C to effect annealing of the denatured plasmid and the primer. To the resulting 
solution were added 1 pi of 0.1'M dithiothreitol, 2 pi of a labeling mixture (1.5 nM 7-deaza-dGTP, 1.5 uM dATP, 
1.5 pM dTTP), 0.5 pi of [a-^SJdCTP (1,000 Ci/mmole, Amersham) and 2 pi of Sequenase Ver. 2.0 (1.5 U/pl, 
United States Biochemical Corporation). After 5 minutes of reaction at 37°C, a 3.5 pi portion of the resulting 

20 reaction mixture was added to 2.5 pi of each of a G solution (80 pM 7-deaza-dGTP, 80 pM dATP, 80 pM dCTP, 
80 pM dTTP, 8 pM ddGTP, 50 mM NaCI), an A solution (80 pM 7-deaza-dGTP, 80 pM dATP, 80 pM dCTP, 80 
pM dTTP, 8 uM ddATP, 50 mM NaCI), a C solution (80 uM 7-deaza-dGTP, 80 pM dATP. 80 uM dCTP, 80 pM 
dTTP, 8 pM ddCTP, 50 mM NaCI) and a T solution (80 pM 7-deaza-dGTP, 80 pM dATP, 80 pM dCTP, 80 pM 
dTTP, 8 pM ddTTP, 50 mM NaCI). In this instance, each of these solutions was kept at 37°C prior to its use. 

25 After 5 minutes of reaction at 37°C, the reaction was terminated by adding 4 pi of a reaction termination solution 
(95% formamide, 0.05% Bromophenol Blue, 20 mM EDTA, 0.05% Xylene Cyanol FF). Thereafter, the reaction 
mixture was heated at 90°C for 5 minutes, followed by rapid cooling, and a 2.5 pi portion of the resulting sample 
was subjected to electrophoresis. In this case, a composition consisting of 7 M urea, 10% HydroLlnk™ LONG- 
RANGER (AT Biochem), 1 00 mM Tris-HCI, 100 mM boreic acid and 2 mM EDTA was made Into gel using 0.05% 

30 ammonium persulfate and 0.0005% N,N,N\N'-tetramethylenediamine (TEMED), and the electrophoresis was 
carried out at a constant power of 60 W using a TEB buffer (50 mM Tris, 50 mM boreic acid, 1 mM EDTA). After 
completion of the electrophoresis, the gel was dried on a filter paper and subjected to autoradiography to de- 
termine the nucleotide sequence of the DNA of interest. 

The thus determined DNA sequence is shown in the Sequence ID No. 5, and an amino acid sequence 

35 deduced from the DNA sequence is shown in the sequence ID No. 4. 

As generally known in this art, the amino acid sequence shown in the Sequence ID No. 4 has a signal 
peptide. Therefore, the protein of the present invention may be the whole Sequence ID No. 4, a portion of the 
sequence (for example, the Sequence ID No. 4 except the sequence of a signal peptide), or the portion of the 
Sequence together with a linker. 

40 The protein of the present invention includes at least an active portion having an activity to enhance the . 
growth of vascular endothelial cells obtainable from a nucleotide sequence or a portion of the nucleotide se- 
quence represented by the Sequence ID No. 5. The DNA corresponding to the signal peptide in the nucleotide, 
sequence represented by the Sequence ID No. 5 may be changed another DNA corresponding to another sig- 
nal peptide, If necessary, a signal peptide together with a linker DNA sequence may be used in the DNAfrag- 

45 ment represented by the Sequence ID No. 5 attached hereto. 

Example 2 Affinity for concanavalin A 

The highly purified product obtained in the step (4) of Example 1 was checked for its affinity for concana- . 
so valin A in accordance with the procedure described in the foregoing. As the results, it was confirmed that the 
purified product was possessed of the affinity far concanavalin A, which is a 

In addition, on the basis of the results obtained in Examples land 2, it was confirmed that the high purity 
product of the step (4) was a single chain glycoprotein. . ' 

ss Example 3 New formation of blood vessels 

A total of 10 avian eggs, fertilized for 8 days, were used in each test group. Af ilter(6 mm in diameter) which 
has been impregnated with a varied amount of the highly purified product (glycoprotein of this invention) ob- 
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teined in the step (4) 0 f ExamDfe 1 



10 



15 




Table 1 



Amount of glycoprotein 

0 (Physiological saline) 
1 ng/fifter 
10 ng/fiiter 
50 ng/fiiter 
WjTg^iiter 



Positive effs/Tota! 
0/10 
1/10 
3/10 
5/10 
6/10 



... . " a^r!j 6/1Q 



25 



30 



35 



^^^^^^^^ . 

■ ^^tKSSMr,,-:. 



Table 2 



Glycoprotein (ng/ml) 



40 



45 




100.0 



so 



55 



1 . ■w+ OU 

As is evident from the above table th« „i ' 
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from the medium or a basic fibroblast growth factor (bFGF) was used in an amount of 1 ng/ml instead of the 
glycoprotein. ... 
The number of cells was counted on the eighth day. with the results shown in Table 3. 



Table 3 



Component added 


Cell count on 8th day (cells/well) 


No addition 

Glycoprotein of Example 1 
bFGF 


28248 
24325 
42645 



As is evident from the above table, bFGF strongly enhances the growth of fibroblasts, but the number of 
fibroblasts on the eighth day in the case of the addition of the glycoprotein of the present invention obtained 
in Example 1 is almost the same as that of the case of the control (no addition), thus showing that the inventive 
glycoprotein hardly has a function to enhance the growth of fibroblasts. 

Example 6 Presence/absence examination of growth enhancing effect on vascular smooth muscle cells 

A primary culture of human smooth muscle cells prepared from an umbilical cord was subcultured, and 
the sixth subculture was Inoculated into a 24 well multi-dish with a cell density of 5 x 1 0 3 ceils/well, using DME 
medium supplemented with 10% fetal calf serum. At intervals of 2 days from the next day, the medium was 
exchanged for fresh medium containing 100 ng/ml of the glycoprotein of the present invention obtained in the 
step (4) of Example 1. 

As a comparative example, the same procedure was repeated except that the glycoprotein was eliminated 
from the medium or a basic fibroblast growth factor (bFGF) was used in an amount of 1 ng/ml instead of the 
glycoprotein. 

The number of cells was counted on the eighth day, with the results shown in Table 4. 



Table 4 



Component added 


Cell count on 8th day (cells/well) 


No addition 

Glycoprotein of Example 1 
bFGF 


6192 
* 7480 
48962 



As is evident from the above table, the number of smooth muscle cells on the eighth day in the case of 
the addition of the glycoprotein of the present invention obtained In Example 1 is almost the same as that of 
the case of the control (no addition), thus showing that the inventive glycoprotein has no activity to enhance 
the growth of human smooth muscle cells. - 

Example 7 Presence/absence examination of growth enhancing effect on hepatocytes 

Hepatic parenchymal cells (to be referred to as "hepatocytes" hereinafter) were prepared in accordance 
with the procedure of Takahashi et a/. (Tissue Culture, vol.12, No.8, pp.308 - 312, 1986). The thus prepared 
hepatocytes were suspended in an inoculation medium (WE basal medium supplemented with 5% fetal calf 
serum and 10~* M dexamethasone) to a cell density of 5.0 x 1 0 4 cells/0.2 ml, and the resulting hepatocyte sus- 
pension was inoculated into a collagen-coated 24 well multi-dish. After 4 hours of the culturing, the medium 
was replaced by WE basal medium and the glycoprotein of the present invention obtained in Example 1 was 
added to the fresh medium in a predetermined amount as shown in Table 5. The same process was repeated 
after additional 16 hours of the culturing. The medium was exchanged again for fresh WE basal medium 40 
hours after the commencement of the culturing, and 3 H-thymidine was added to the fresh medium to carry 
out2 hours of pulse-labeling. After completion of the pulse-labeling, the culture supernatant was removed, and 
the remaining cells were washed with a cold phosphate buffer (PBS), 2% perchlorate and 95% cold ethanol 
in that order and then dried at room temperature. In this instance, each washing step was repeated three times. 
The thus dried cells in each well were lysed by adding 0.8 ml of a 1% SDS/0.1 N NaOH solution and maintaining 
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Table 5 



Component added 



15 



20 



25 



glycoprotein QfEyampI^ 

300 ng/ml 

100 ng/ml 

30 ng/ml 

10 ng/ml 
jnsulin + EGF 
(100nM + 50 ng/ml) 
Control (no addition) 



Uptake of3H-thymide 




5697 DPM 
4347 DPM 
4869 DPM 
4619 DPM 
76815 DPM 

4992 DPM 



30 



35 



40 



45 



50 



_ LJ|-|V| 

ililglititpi 



55 
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Table 6 





r\duu oi aDooruonce 01 o*tu nm 


Glycoprotein of Example 1 




300 ng/ml 


1.02 


100 ng/ml 


1.01 


30 ng/ml 


1.01 


10 ng/ml 


1.02 


Control (no addition) 


1.00 



15 As shown in the above table, the absorbance at 540 nm hardly changed by the addition of the glycoprotein 
of the present invention in comparison with the case of the control (no addition), thus confirming that the in- 
ventive glycoprotein has no activity to enhance or inhibit the growth of HeLa cells. 

Example 9 Migration-stimulating activity on vascular endothelial cells and smooth muscle cells 

20 

Primary culturing of vascular endothelial ceils was carried out by isolating the cells from rabbit cornea ca- 
pillary vessels in the usual way. The migration-stimulating activity of the cells was measured in accordance 
with the Boyden's test using Boyden's chamber. That is, DME medium supplemented with 10% fetal calf serum 
and a predetermined amount of the glycoprotein obtained In Example 1 was put Into the lower compartment 

25 of the Boyden's chamber, and another DME medium supplemented with 10% fetal calf serum and 2 x irjVml 
of vascular endothelial cells was put into the upper compartment of the chamber. Thereafter, culturing was 
carried out at 37°C for 4 hours. 

A similar test was carried out using primary-cultured smooth muscle cells which have been isolated from 
rat pulmonary artery " * 

30 After the culturing, the thus treated cells were stained with Diff-Qutck solution, and the number of migrated 
cells per visual field was counted under a microscope, with the results shown in Table 7. 



Table 7 





The number of migrated cells 


Glycoprotein 


Vascular endothelial cells 


Smooth muscle cells 


300 ng/ml 


268 


0 


100 ng/ml 


50 


, o 


30 ng/ml 


37 


0 



As is evident from the above table, the glycoprotein of the present invention shows migration-stimulating 
activity on vascular endothelial cells but not on smooth muscle cells. 

45 Thus, it is apparent that there has been provided, in accordance with the present invention, a novef protein 
of human origin, as well as a process for the production thereof. Since the protein of the present invention 
enhances the growth of vascular endothelial celts but does not activate the growth of smooth muscle cells, 
fibroblasts and hepatocytes and also does not enhance or inhibit the growth of HeLa cells, it can enhance the 
growth of vascular endothelial cells selectively and therefore can enhance new formation of blood vessels 

so smoothly without causing secondary reactions. Because of such excellent properties, especially its activity to 
enhance new formation of blood vessels, the protein of the present invention can be applied to a healing en- 
hancer of wound, burn injury, decubitus, postoperative tissue damage or the like or as a drug for the treatment 
of cardiac angiopathy, as well as its application to artificial organs such as artificial blood vessel, artificial skin 
and the like. It also can be applied to diagnostic and therapeutic drugs of malignant tumor, retinopathy, chronic 

$5 rheumatoid arthritis and the like. 

In addition, the protein of the present Invention can be obtained with a high productivity and a high purity 
in comparison with the prior art physiologically active factors. 
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SEQUENCE LISTING . 

(1) GENERAL INFORMATION: 
(i) APPLICANT: 

( ( a A ! r sHiKi «-» 

(C) CITY: TOKYO ^ 2 ~ Ch ° me - S "ibuya- ku 

(E) COUNTRY: JAPAN 

(F) POSTAL CODE (ZIP) : 151 

'«) mi* of invention: Novei 

Production process ° f hUOan ori S*n and its 

("i) NUMBER OF SEQUENCES : 7 
UV) C0MP "TER READABLE FORM- 

oUFTWARE: Patentln Release #1 0 v • 

ffl.O, Version #1. 25 {EP0) 

(v) CURRENT APPLICATION DATA* 

U) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: N- terGlinal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Ho*o sapiens 

CELL TYPE: Ovarian 
W CELL LINE: HUOCA II / „ U0CA m 



16 



EP 0 550 296 A2 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Arg Asn Thr lie His Glu Phe 

- 1 5 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(G) CELL TYPE: Ovarian 

(H) CELL LINE: HUOCA II / HUOCA III 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Glu Phe Gly His Glu Phe Asp Leu Tyr Glu 
1 5 . 10 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: C- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(G) CELL TYPE: Ovarian 

(H) CELL LINE: HUOCA II / HUOCA III 
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FEATURE; 

(A) NAME/KEY: Modify • 

(B) LOCATION- p fMd --"« 
<"> OTHER INFORM^ 

d residue „ 

< ij O FEATURE: 

JA) NAM E / KEY: Modi 
W LOCATION: 10 

(D) Nation: /Iabel „ ^ 

Mlno a acid residue „ 
^ SS3UENCE ^CRIPTxon: SEQIDN0 . 3 . 

r s --~ A . ^ 

15 

(2> NATION FOR SEQ I D N0: 4 , 

»> SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 7?fi „„• 
(Bj TYPE- ° SCids 

;°; 1TPE: acid 

TOPOLOGY: l inear 

<«) MOLECULE TYPE: p rotein 

(i") HYPOTHETICAL: YES 

<vi) ORIGINAL SOURCE- 

(A) ORGANISM: „o DO 8aplens 
0 CELL TYPE: ovarian 
(H) CELL LINE: HUOCA II / HUOCA III 

("i) SEQUENCE DESCRIPTION: SEQ Io NO: 4; 

— LeuLeuGlnHisvaiLeu 

Leu His Leu Leu Leu Leu Pro Il e Ala H e Pro Tyr flla ^ ^ y " Qln 

A^SL ^? A^^AsnTh -^T---- S e ^ :laL_ ^ 
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Thr Leu He Lys He Asp Pro Ala Leu Lys He Lys Thr Lys Lys Val 

50 55 60 

Asn Thr Ala Asp Gin Cys Ala Asn Arg Cys Thr Arg Asn Lys Gly Leu 
65 70 75 8o 

Pro Phe Thr Cys Lys Ala Phe Val Phe Asp Lys Ala Arg Lys Gin Cys 

85 90 95 

Leu Trp Phe Pro Phe Asn Ser Met Ser Ser Gly Val Lys Lys Glu Phe 

100 105 -110* 

Gly His Glu Phe Asp Leu Tyr Glu Asn Lys Asp Tyr lie Arg Asn Cys 

115 120 125 

He He Gly Lys Gly Arg Ser Tyr Lys Gly Thr Val Ser He Thr Lys 

130 135 140 

Ser Gly lie. Lys Cys Gin Pro Trp Ser Ser Met lie Pro His Glu His 
^5 150 155 160 

Ser Phe Leu Pro Ser Ser Tyr Arg Gly Lys Asp Leu Gin Glu Asn Tyr 

165 170 175 

Cys Arg Asn Pro Arg Gly Glu Glu Gly Gly Pro Trp Cys Phe Thr Ser 

180 185 190 

Asn Pro Glu Val Arg Tyr Glu Val Cys Asp lie Pro Gin Cys Ser Glu 

195 200 .205 

Val Glu Cys Met Thr Cys Asn Gly Glu Ser Tyr Arg Gly Leu Met Asp 

210 215 220 

His Thr Glu Ser Gly Lys He Cys Gin Arg Trp Asp His Gin Thr Pro 
225 230 235 240 

His Arg His Lys Phe Leu Pro Glu Arg Tyr Pro Asp Lys Gly Phe Asp 

2^5 250 * 255 

Asp Asn Tyr Cys Arg Asn Pro Asp Gly Gin Pro Arg Pro Trp Cys Tyr 

260 265 270 

Thr Leu Asp Pro His Thr Arg Trp Glu Tyr Cys Ala He Lys Thr Cys 

275 . 280 *- ■ 285 

Ala Asp Asn Thr Met Asn Asp Thr Asp Val Pro Leu Glu Thr Thr Glu 

290 295 " 300 

Cys He Gin Gly Gin Gly Glu Gly Tyr Arg Gly Thr Val Asn Thr He 
305 310 315 320 

Trp Asn Gly He Pro Cys Gin Arg Trp Asp Ser Gin Tyr Pro His Glu 

325 . 330 335 

His Asp Met Thr Pro Glu Asn Phe Lys Cys Lys Asp Leu Arg Glu Asn 
3^0 3^5 350 
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10 



15 



20 



25 



30 



35 



40 



*• £ - «• - Oly S „ au s „ pK> 

390 y W-Asn Ty r Met 

^ ^ Le u ttr Cys Sep ^ ^ p 

LyS AS " Met «» Asp Leu „ is Arg „. J ° 413 
Ser Lys ^ Asn cm Asn Tyr / 5 «30 

«s Pro Val ne Se «75 
485 

500 ^ Ser Leu Ar « 

Arg Asn Lys Hls na 510 

515 520 ^ C1U ftp' 

V <* L 6U rh r Ala Arg 525 

530 Pr ° Ser ^ Asp Leu Lys Asp ^ 

°lu Ala Trp Leu Gl y Ile H1 , . 5*0 
5*5 ... ASP Val Hl« Gly Arg Gly 

555 



Asp Glu Lys 



so 



55 



550 

Lys Gln Vfll Uu Ag .„ 

56 5 ' ^ UU V81 ^ Pro Glu Gly 

S - Asp Leu Val Leu 570 

Phe Val Ser^ lle Asp f 5 590 

" 2 ^ ^ ° ly *" *» He Pro Glu 

Ihr Ser Cys Ser Val Tyr Gl t 605 

£ ffly Trp Gi y Tyr ar Qly ^ ne ^ 

^ Asp Gly Leu Uu Arg ^ Aifl 6. 

° 630 Met Gl * Asn Glu 

Cys Ser Gin His His Arg Gly Lys Val Tfir r ' *° 

6 - ■ ■ y ys Val Leu Asn Glu Ser Glu 

o50 

655 
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10 



15 



20 



25 



50 



lie Cys Ala Gly Ala Glu Lys He Gly Ser Gly Pro Cys Glu Gly Asp 

660 665 670 

Tyr Gly Gly Pro Leu Val' Cys Glu Gin His Lys Met Arg Met Val Leu 

675 680 685 

Gly Val He Val Pro Gly Arg Gly Cys Ala He Pro Asn Arg Pro Gly 

690 695 700 

He Phe Val Arg Val Ala Tyr Tyr Ala Lys Trp He His Lys He He 
705 710 715 720 

Leu Thr Tyr Lys Val Pro Gin Ser 
725 . 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 2187 base pairs 

(B) - TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
30 (iii) HYPOTHETICAL: YES 

(iii) ANTI-SENSE: NO 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 = 

35 

ATGTCGGTGA CCAAACTCCT GCCAGCCCTG CTCCTGCAGC ATGTCCTCCT GCATCTCCTC 60 

CTGCTCCCCA TCGCCATCCC CTATGCAGAG GGACAAAGGA AAAGAAGAAA TACAATTCAT 120 

GAATTCAAAA AATCAGCAAA GACTACCCTA ATCAAAATAG ATCCAGCACT GAAGATAAAA 180 

40 ACCAAAAAAG TGAATACTGC' AGACCAATGT GCTAATAGAT GTACTAGGAA TAAAGGACTT 240 

CCATTCACTT GCAAGGCTTT TGTTTTTGAT AAAGCAAGAA AACAATGCCT CTGGTTCCCC 300 

TTCAATAGCA TGTCAAGTGG AGTGAAAAAA GAATTTGGCC ATGAATTTGA CCTCTATGAA 360 

AACAAAGACT ACATTAGAAA CTGCATCATT GGTAAAGGAC GCAGCTACAA GGGAACAGTA 420 

TCTATCACTA ACACTGGCAT CAAATGTCAG CCCTGGAGTT CCATGATACC ACACGAACAC 480 

45 AGCTTTTTGC CTTCGAGCTA TCGGCGTAAA GACCTACAGG AAAACTACTG TCGAAATCCT 5^0 

CGAGGGGAAG AAGGGGGACC CTGGTGTTTC ACAAGCAATC CAGAGGTACG CTACGAAGTC 600 

TGTGACATTC CTCAGTGTTC AGAAGTTGAA TGCATGACCT GCAATGGGGA GAGTTATCGA 660 

GGTCTCATGG ATCATACAGA ATCAGGCAAC ATTTGTCAGC GCTGGCATCA TCAGACACCA 720 

CACCGGCACA AATTCTTGCC TGAAAGATAT CCCWCAAGG GCTTTGATGA TAATTATTGC 780 

CGCAATCCCG ATGGCCAGCC GAGGCCATGG TGCTATACTC TTGACCCTCA' CACCCGCTGG 840 

GAGTACTGTG CAATTAAAAC ATGCCCTGAC AATACTATGA ATGACACTGA TGTTCCTTTG 900 

GAAACAACTG AATGCATCCA AGGTCAAGGA GAAGGCTACA GGGGCACTGT CAATACCATT 960 

TGGAATGGAA TTCCATGTCA GCGTTGGGAT TCTCAGTATC CTCACGAGCA TGACATCACT 1020 

55 
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==ssS===:S-s 

„ CGAMTCCAO ATGATGATCC TcSK f*™"* 0 " ^TGAATOA GMTTACTGC , \,n 

tcggattatt cccctatttc SSSS ES? X 

GACCATCCCG TAATATCTTG TCCWMA^ A^J " CACCTACA « ACTCAATTTA 

ACACGAACAA ACATAGCATG GATGGTTA^r AAACAATTGC GAOTTGTAAA TGGGATTCCA , JS 

' TTGAAAGATT ATGAAGCTTC GCTT^I ACTGCACGAC AGTGTTTCCC TTCTCGAGAC , 

TGCAAACACG TTCTCAATGT S ™ ^ ACGGAAGAGQ ««S fit 

JTAATGAAGC TTGCCAGGCC 2S SS? AGATCT <^ ^ 

MTTATGGAT GCACAATTCC TGA^lI (UT0 * rn TO TTAGTACGAT TGATTTACCT ,I» 

GGATTGATCA ACTATGATOQ S ™ !B «» «SS 8^ 

AAATGCAGCC AGCATCATCG SSSS! CGGAAA S S 

CCTGAAAAGA TTCGATCAGG AcZ^Zr ^f 10 **™ AGTC ™AAT ATCTGCTGGG JS 
CAACATAAAA TGAGAATGGT TGI ™2 
AATCGTCCTG GTAnTTTGr cSE 5*™*™ ^GTOCATa TGCCATTCCA 

TTAACATATA AGGTACCACA Sg AATCGATA « ««S£ 2 £ 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS • 

III ^ 2576 base 
(B) TYPE: nucleic acid 

IC) STRANDEDNESS: sing i e 

tD > TOPOLOGY: linear 

(ii) MOLECULE TYPE: nRNA 

Uii) HYPOTHETICAL: YES 

(iii) ANTI-SENSE: NO 

(ix) FEATURE: 

(A) NAME/KEY: CDS 



(B) LOCATION: join (102. .2285. 2289 >2«U „». 

..2570) o,, --2507. 2511*.. 2522, 2526 

SEQUENCE DESCRIPTION: SEQ ID N0: 6: 
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10 



25 



30 



35 



50 



CAUCUCCUCC AGAGGGAUCC GCCAGCCCGU CCAGCAGCAC C AUG UGG GUG ACC 113 

Met Trp Val Thr 
1 

AAA CUC CUG CCA GCC CUG CUG CUG CAG CAU GUC CUC CUC CAU CUC CUC 161 
Lys Leu Leu Pro Ala Leu Leu "Leu Gin His Val Leu Leu His Leu Leu 
5 10 - 15 20 



CUG CUC CCC AUC GCC AUC CCC UAU GCA GAG GGA CAA AGG AAA AGA AGA 209. 
Leu Leu Pro lie Ala He Pro Tyr Ala Glu Gly Gin Arg Lys Arg Arg 
15 25 30 35 

AAU ACA AUU CAU GAA UUC AAA AAA UCA GCA AAG ACU ACC CUA AUC AAA 257 
Asn Thr He His Glu Phe Lys Lys Ser Ala Lys Thr Thr Leu lie Lys 
20 " 10 ' ' <*5 50 

AUA GAU CCA GCA CUG AAG AUA AAA ACC AAA AAA GUG AAU ACU GCA GAC ... 305 
He Asp Pro Ala Leu Lys He Lys Thr Lys Lys Val Asn Thr Ala Asp 
55 '60 65 

CAA UGU GCU AAU AGA UGU ACU AGG AAU AAA GGA CUU CCA UUC ACU UGC 353 
Gin Cys Ala Asn Arg Cys Thr Arg Asn Lys Gly Leu Pro Phe Thr Cys 
70 75 80 

AAG GCU UUU GUU UUU GAU AAA GCA AGA AAA CAA UGC CUC UGG UUC CCC , 401 
Lys Ala Phe Val Phe Asp Lys Ala Arg Lys Gin Cys Leu Trp Phe Pro 
85 90 95 100 

UUC AAU AGC AUG UCA AGU GGA GUG AAA AAA GAA UUU GGC CAU GAA UUU 4^9 
Phe Asn Ser Met Ser Ser Gly Val Lys Lys Glu Phe Gly His Glu Phe 
105 110 115 

40 GAC CUC UAU GAA AAC AAA GAC UAC AUU AGA AAC UGC AUC AUU GGU AAA .1*97 

Asp Leu Tyr Glu Asn Lys Asp Tyr He Arg Asn Cys He He Gly Lys 
120 125 130 

45 GGA CGC AGC UAC AAG GGA ACA GUA UCU AUC ACU AAG AGU GGC AUC AAA 5*45 

Gly Arg Ser Tyr Lys Gly Thr Val Ser He Thr Lys Ser Gly, lie Lys' 
135 1^0 1**5 



UGU CAG CCC UGG AGU UCC AUG AUA CCA CAC GAA CAC AGC UUU UUG CCU . . 593 
Cys Gin Pro Trp Ser Ser Met He Pro His Glu His Ser Phe Leu Pro 
150 155 160 



55 



23 



EP 0 550 296 A2 



10 



is 



20 



25 



30 



35 



40 



45 



50 



175 180 

185 P Phe Thr Ser Asn Pro Glu Val 

CGC UAC GAA GUC UGU GAC AUU rrn 

200 • 2o\ G1U Cys *t 

5 210 

S S Z 5 2 £ ™ 2 5 « - «. « «. KA 

215 1 220 " ASP HIS ^ Glu Ser 

230 P ASP H « Thr P ro His Arg Hi s L ys 

3 2<J0 

z s s s s; - » « » . «. „ cuu M ecu 

265 !5 CyS Tyr ^ Asp Pro 

7 275 

280 c ys Ala lie Lys Thr Cys Ala Asp Asn Thr ' 

285 290 

™ z z s s s s « s ? r — 

295 " 1U Thr Ihr Glu Cys li e Cln 01y • 

3 305 . ' 

J 5 320 
325 3 ^ Gln T ^ r P ™ His Glu His Asp Met Thr 



641 



689 



737 



785 



833 



881 



929 



977 



1025 



1073 



1121 
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w 



15 



20 



25 



30 



35 



40 



CCU CM AAU UUC AAG UGC AAG GAC CUA CGA GAA AAU UAC UGC CGA AAU 
Pro Glu Asn Phe Lys Cys Lys Asp Leu Arg Glu Asn Tyr Cys Arg Asn 
3^5 . 350 355 

CCA GAU GGG UCU GAA UCA CCC UGG UGU UUU ACC ACU GAU CCA AAC AUC 
Pro Asp Gly Ser Glu Ser Pro Trp Cys Phe Thr Thr Asp Pro Asn He 
360 365 37 o 

CGA GUU GGC UAC UGC UCC CAA AUU CCA AAC UGU GAU AUG UCA CAU GGA 
Arg Val Gly Tyr Cya Ser Gin He Pro Asn Cys Asp Met Ser His Gly 
375 380 .385 

CAA GAU UGU UAU CGU GGG AAU GGC AAA AAU UAU AUG GGC AAC UUA UCC 
Gin Asp Cys Tyr Arg Gly Asn Gly Lys Asn Tyr Met Gly Asn Leu Ser 
390 395 ij 00 

CAA ACA AGA UCU GGA CUA ACA UGU UCA AUG UGG GAC AAG AAC AUG GAA 
Gin Thr Arg Ser Gly Leu Thr Cys Ser Met Trp Asp Lys. Asn Met Glu 
405 410 ins t+20 

GAC UUA CAU CGU CAU AUC UUC UGG GAA CCA GAU GCA AGU AAG CUG AAU 
Asp Leu His Arg His He Phe Trp Glu Pro Asp Ala Ser Lys Leu Asn 
425 430 435 

GAG AAU UAC UGC CGA AAU CCA GAU GAU GAU GCU CAU GGA CCC UGG UGC 
Glu Asn Tyr Cys Arg Asn Pro Asp Asp Asp Ala His Gly Pro Trp Cys 
4^0 445 450 

UAC ACG CGA AAU CCA CUC AUU CCU UGG CAU UAU UGC CCU AUU UCU CGU 
Tyr Thr Gly Asn Pro Leu lie Pro Trp Asp Tyr Cys Pro He Ser Arg 
455 460 465 

UGU GAA GGU'GAU ACC ACA CCU ACA AUA GUC AAU UUA GAC CAU CCC GUA 
Cys Glu Gly Asp Thr Thr Pro Thr lie Val Asn Leu Asp His Pro Val 
470 475 480 



1169 



1217 



1265 



1313 



1361 



1409 



1457 



1505 



1553 



45 



50 



AUA" UCU UGU GCC AAA ACG AAA CAA UUG "CGA GUU GUA AAU GGG AUU CCA - l601 
He Ser Cys Ala Lys Thr Lys Gin Leu Arg Val Val Asn Gly He Pro 
485 490 495 ' 500 

ACA CGA ACA AAC AUA GGA UGG AUG GUU AGU UUG AGA UAC AGA AAU AAA 1649 
Thr Arg Thr Asn He Gly Trp Met Val Ser Leu Arg Tyr Arg Asn Lys 
505 510 - 515 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



CAU AUG UGC GGA rrn r r «. 

520 5% ^ ^ Tr » V ^ ^ u Thr Ala 

530 

535 % 4 o yS ASP Tyr Glu Ala Tn. Uu 

515 

5M to °>» «»» °1» ly. c !„ Mn 

560 

S=====2222222- = - 

575 58q 

==2222222- .««—"«■■- 

585 Val L «« A S p Asp Phe Val Ser Thr 

595 

=222222- 

' 610 

2 2 2 2 2 2 2 2 2 - - 

"5 S °" U ° «" W «- O, u. 

6 3° 635 116 Gly Asn «1« Lys C y8 Ser G In 

■ 6^0 

^-222222222222 

-22222222;??—- «« 

665 Pr ° CyS 01 « My Asp Tyr Gly Cly Pro 

670 675 

2 2 2 2 2 2 2 2 r .— - — - - 

^ Lys Met Arg Met Val Leu Gly Val Ii e Val 

685 690 



1697 



1745 



1793 



1841 .. 



1889 



1937 



1985 



2033 



2081 



2129 



2177 
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CCU GGU CGU GGA UCU GCC AUU CCA AAU CGU CCU CGU AUU UUU GUC CGA 
Pro Gly Arg Gly Cys Ala lie Pro Asn Arg Pro Gly lie Phe Val Arg 
695 700 705 

GUA GCA UAU UAU GCA AAA UGG AUA CAC AAA AUU AUU UUA ACA .UAU AAG 
Val Ala Tyr Tyr Ala Lys trp He His Lys He He Leu Thr Tyr Lys 
710 715 7 20 

GUA CCA CAG UCA UAG CUG AAG UAA GUG UGU CUG AAG CAC CCA CCA AUA 
Val Pro Gin Ser Leu Lys Val Cys Leu Lys His Pro Pro He 
725 730 735 

CAA CUG UCU UUU ACA UGA AGA UUU CAG AGA AUG UGG AAU UUA AAA UGU 
Gin Leu Ser Phe Thr Arg Phe Gin Arg Met Trp Asn Leu Lys Cys 
740 745 750 

CAC UUA CAA CAA UCC UAA GAC AAC UAC UGG AGA GUC AUG UUU GUU GAA 
His Leu Gin Gin Ser Asp Asn Tyr Trp Arg Val Met Phe Val Glu 
755 760 765 

AUU CUC AUU AAU GUU UAU GGG UGU UUU CUG UUG UUU UGU UUG UCA GUG, 
He Leu He Asn Val Tyr Gly Cys Phe Leu Leu Phe Cys Leu Ser Val 
770 775 780 

UUA UUU UGU CAA UGU UGA AGU GAA UUA AGG UAC AUG CAA GUG 
Leu Phe Cys Gin Cys Ser Glu Leu Arg Tyr Met Gin Val 
785 790 795 

UAAUAA CAU AUC UCC UGA AGA UAC UUG AAU GGA UUA AAA AAA CAC ACA 
His He Ser Arg Tyr Leu Asn Gly Leu Lys Lys His Thr 
800 805 810 

GGU AUA UUU GCU GGA UGAUAA 
Gly He Phe Ala Gly 
815 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 815 amino acids' 
(BJ TYPE: amino acid 
(D) TOPOLOGY: linear 

{ii} MOLECULE TYPE: protein 
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<*i> SEQUENCE DESCRIPTION : SEQ XD N0: ? , 

Trp Val Thr Lys Leu Leu Pro Ala L , 
! 5 Ala Leu Leu Leu Gl n „ is Val Leu 

^HisLeuLeuLeuLeuProxxe^' 0 , ^ 
2Q He A la i le Pro Tyr AU Mu 

- - - W a« „ ^ „. _ Lf= n< ^ * ^ ^ ^ 

- *• - * %I _ pta ^ >w » u> ^ ^ ^ SO 

UU ^ ^ P - P ^ Asn Ser Met Ser si Cly Val L , " 

100 y Val Lys L ^ s Phe 

Gly His Glu Phe A^n in. 110 
hG ASP Leu Glu Asn Lys Asp Tvr n a 
115- 12 y ASP Tyr Ile Ar ff Asn Cys 

"* L " ^ * - Tyr Lys 01 , « £ n , ^ ^ 

-* ice 

Ser Phe Leu Pro Ser Ser Tyr Are Glv r . 160 

Tyr Arg Gly Lys Asp Leu Gin Glu Asn Tyr 

170 

* «, - *. M y 01 „ „ ^ ^ iw « 

I Q C 

AS " P ^-----ValCy SAspIleProGln - SerGiu 

- :r - et , rCysr :; GluserTyrArgSLeuMetAsp • 

S ,hP0, '-- ffl 'J-^«-.^2 llUai . npfco . 

Arg His Lys Phe Leu Pro Glu Arg Tyr Pro A , ^ 

«rg Tyr Pro Asp Lys Gly Phe A 

250 

~ c . rt „„ p „ ^ ow _ r! pM r J,, 

265 



Thr Leu Asp P ro His Th, t- _ 270 
275 



280 285 
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Ala Asp Asn Thr Met Asn Asp Thr Asp Val Pro Leu Glu Thr Thr Glu 
2 9° 295 300 

Cys lie Gin Gly Gin Gly Glu Gly Tyr Arg Gly Thr Val Asn Thr lie 
305 310 315 320 

Trp Asn Gly He Pro Cys Gin Arg Trp Asp Ser Gin Tyr Pro His Glu 

325 330 335 

His Asp Met Thr Pro Glu Asn Phe Lys Cys Lys Asp Leu Arg Glu Asn 

3^0 345 350 

Tyr Cys Arg Asn Pro Asp Gly Ser Glu Ser Pro Trp Cys Phe Thr Thr 

355 360 365 

Asp Pro Asn lie Arg Val Gly Tyr Cys Ser Gin lie Pro Asn Cys Asp 

370 375 . 38o 

Met Ser His Gly Gin Asp Cys Tyr Arg Gly Asn Gly Lys Asn Tyr Met 
385 390 395 4 00 

Gly Asn Leu Ser Gin Thr Arg Ser Gly Leu Thr Cys Ser Met Trp Asp 

**05 410 415 

Lys Asn Met Glu Asp Leu His Arg His He Phe Trp Glu Pro Asp Ala 

420 425 430 

Ser Lys Leu Asn Glu Asn Tyr Cys Arg Asn Pro Asp Asp Asp Ala His 

435 440 445 

Gly Pro Trp Cys Tyr Thr Gly Asn Pro Leu He Pro Trp Asp Tyr Cys 

*50 455 460 

Pro He Ser Arg Cys Glu Gly Asp Thr Thr Pro Thr He Val Asn Leu 
46 5 470 475 480 

Asp His Pro Val He Ser Cys Ala Lys Thr Lys Gin Leu Arg Val Val 

485. 490 • 495 

Asn Gly He Pro Thr Arg Thr Asn He Gly Trp Met Val Ser Leu Arg 

500 505 510 

Tyr Arg Asn Lys His He Cys Gly Gly Ser Leu He Lys Glu Ser Trp 

515 .520 525 

Val Leu Thr Ala Arg Gin Cys Phe Pro Ser Arg Asp Leu Lys Asp Tyr 

530 535* 540 

Glu Ala Trp Leu Gly He His Asp Val His Gly Arg Gly Asp Glu Lys 
545 550 555 560 

Cys Lys Gin Val Leu Asn Val Ser Gin Leu Val Tyr Gly Pro Glu Gly 

565 570- . 575 

Ser Asp Leu Val Leu Met Lys Leu Ala Arg Pro Ala Val Leu Asp Asp 
580 585 590 
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595 60Q 7 tyS ^ IIe Pro Glu 

Lys Thr Ser Cvs dor, ^ 605 

610 ^ s Ser Val Tyr Gly Trp Gly Tyr Thr Gly Leu II 



e Asn 



Leu 



?yr «,p oi, u„ Uu »„ ,„, ... ,. , 620 

625 6J J " *" "" U " T » IK «•« Oly A.„ 01. 

* ■» - - « «. - «. ^ ... >rg V1I 

Gly Val lie Val n a °° 5 

^ 'i -~ a, £ 01> , c „ u . Ile Pre ta ^ ^ ^ 

730 

Pro Ile Gin Leu Ser Phe Thr, a 735 

Phe Th r Arg Phe 01 „ Arg ^ 

He Leu Il e A sn Val Tyr Glv Cv, pk , ^ 

yr UJ -y c ys Phe Leu Leu Ph P r u . 1 
770 ™ e c ^ s L eu Ser Val 



770 ^ L eu Sep Va 

77 ~* 780 
£ - Cy s Gl„ Cy S . S e r Glu Uu Afg ?yr ^ ^ ^ ^ ^ ^ 

790 7QC 



Arg Tyr Leu Asn Gly Leu Lys Lys His 



805 



795 

Thr Gly H e Phe Ala Gly 
810 815 



r 
800 
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10 



15 



Claims 

1. A single chain protein selectively en ha ncing the growth of vascular endothelial cells, characterized in that 
it comprises the following peptide chains : 

(SEQ. ID No. : 1) 
Arg Asn Thr He His Glu Phe 

1 5 
(SEQ. ID No. : 2) 

Glu Phe Gly His Glu' Phe Asp Leu Tyr Glu 
1 5 10 

(SEQ. ID No. : 3) 

Glu Ser Xaa Val Leu Thr Ala Arg Gin Xaa Phe Pro Ser Arg Asp Leu 
1 5 10 15 " 

and in that it has a molecular weight of from 72,000 to 80,000 Da when determined by SDS polyacrylamide 
gel electrophoresis or from 79,000 to 85,000 Da when determined under reducing conditions. 

25 2. A process for producing the protein according to claim 1 which comprises purifying a serum-free culture 
supernatant of said human ovarian tumor established cell line, HUOCA-II or HUOCA-III, by combining pur- 
ification techniques including (a) cation exchange chromatography, (b) heparin affinity chromatography, 
(c) heparin affinity high performance liquid chromatography and (d) reverse phase high performance liq- 
uid chromatography. 



20 



30 



35 



40 



3. A protein of human origin which contains an amino acid sequence or a portion of the amino acid sequence 
represented by the following sequence (SEQ ID No. : 4) : 

Met Trp Val Thr Lys Leu Leu Pro Ala Leu Leu Leu Gin His Val 
1 1C 

Leu Leu His-Leu Leu Leu Leu Pro He. Ala" He Pro Tyr Ala Glu 

20 30 - ♦ 

Gly Gin Arg Lys Arg Arg Asn Thr He His Glu Phe Lys Lys Ser 

. r - 40- 

Ala Lys Thr Thr Leu lie Lys He Asp Pro Ala Leu Lys He Lvs 

' ' 50 \o 



45 



50 
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Thr LyS -V s Val A«r. Th _ Ala * 

- ~ :: * - - - - - 

Ar, tvs 6 ? n ° c ,., " C/S >«" v ai ? ne ASP 

s « «y vax , ys Lys Clu ■ ioo *" a *= s« 

*« ^ A.p ryr IS ~ " 3 G1U ?he ^ ax, 

Lys Gly :Thc v ,, Q 130 Lya G " y «er 

'» -p se , »° Dro \ Lys Ser Giy »• <*• 

s ~ ^ *** «y Asp ^ Cl „ »o* s " ^ «~ 

«y giu ciu 6 , v 0 ^ A3n Tyr c > s Ar ° - p™ 

U -i G -y Pro Trp Cys Ph~ tkv. - ISO 

*" *r «» v a x cy s AsD Ile JJO "* «« '« «» . 

«•'- Thr Cys | 8 °° ri ' " SSr GIU 

<-VS « 3n Gly Glu 3ii _ 2 • 

«' «, ly . „. Cvs „,„ J £? °" "p 

"» »!,. ly , "° , " A " *" «*■» «'-> & Thr ,„ 

- - - J :i r o:s At9 & •» - - « 

*. «. ,1 i .? *° ~ " P «* ~ •* r rp 

AS P ?ro h is Thr A-.cr -1 ^ 

^ cy. M 3 . Asp flsn Thr Met jib «» ^ XL 

- 290_ r Met As " Thr Asp vai ?ro i= „ 

Glu Thr Thr Glu Os t'.'V, 300 

- S Iie Gin Gly Gin G^v rl " ~ 

w «- *U Asn Thr n . fr? G1U Tyr arg Giy 

«« T ^ Pro H 3 f.° Glu h" " n " P ^ 

^ U HiS A sp Met Tr- p. 0 ri 330 

C - * sp , rg Glu Asn 3,6 P '° G1 " «» ^ . . 

Clu s., Pro Trp g0 • Cy. A rg A5n Pro Asp 

9 Se -" Th ' C ^ 3er ^ r ° p ° A ^ U Glr " 

As P t.„ His Arg h^ 0 .. p . Tf P Asp Lys Asn Msc Q 

A « Glu Asn Tyr ^ As P Ala 5 «r Lv S teu 

T^n r, <<0 " Sn Pro fts ? Asp ASD A , a „. „. 

-P Cys Tyr Th „ - P A.a aia Giy ?ro 

: 7 " -° LeU P« Trp Asp ,,. r «0- 

•150 P ,r - = ro 
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Ser 
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Cys 


Glu 


Gly 


ASD 


Thr 


Thr 


Pro 


Thr 


He 


.Vai 


A.sn 


Ls'o 










<70 


















48C 




Asp 


His 


Pro 


Vai 


lie 


Ser 


Cvs 


Ala 


Lvs 


Thr 


Lvs 


Gin 


Leu 


Arc 


Val 


5 




















490 














Val 


As ft 


Cly 


lie 


Pro 


Thr 


ArQ 


Thr 


Asp. 


•Is 


Gly 


Trc 


Net 


Val 


Ser 










50C 
















51C 




Leu 


Ar q 


Tvr 


Arc 


Asr. 


Lvs 


Kis 


lie 


Cvs 


Giv 
520 


Giy 


Ser 


Leu 


lie 


Lys 




Glu 


Ser 


Trp 


val 


Leu 


Thr 


Ala 


Arg 


Gin 


Cys 


Phe 


Pro 


Ser 


Arg 


Asp 


10 










530 
















540 




Leu 


Lys 


Asp 


Tv"*" 


Giu 


Ala 


Tr? 


Leu 


Giy 


He 
550 


Kis 


Asp 


val 


His 


Gly 




Arg 


Gly 


Aso 


Glu 


Lys 
.560 


Cys 


Lys 


Gin 


Val 


Leu 


A.sn 


Val 


Ser 


Gin 


Leu 
57C 


15 


Vai 


Tyr 


Gly : 


?ro 


Glu 


Gly 


Ser 


Asp 


Leu 


Vai' 


Leu 


Met 


Lys 
■if 


Leu 


Ala 




















580 














Arc 


Pro 


A La 


Val 


Leu 




Aso 


Phe 


Val 


Se~ 

m » 


Thr 


He 


ASO 


Leu 


Pro 










590 














600 




Asn 


Tyr 


Gly 


Cys 


Thr 


He 


Pro 


Glu 


Lys 


Thr 


Ser 


Cys* 


Ser 


vai 


Tyr 






















610 










20 


Gly 


Trp 


Gly 


Tyr 


-Thr 


Gly 


Leu 


He 


Asn 


Tyr 


Asp 


Giy 


Leu 


Leu 


Arsr 










520 




















630 




Vai 


Ala 


His 


Leu 


Tyr 


lie 


Me- 


Gly 


Asn 


Giu 


Lys 


Cys 


Ser 


Clr.. 


Kis 






















can 












His 


A~c 
? 






Va 1 


Thr 




he-. 






v> *» w 


t i a 


Cys 


A * a 


- L / 


25 








V v w 




















660 


Ala 


Glu 


Lys 


lie 


Giy 


Ser 


Gly 


Pro 


Cys 


Glu 
6~0 
Arg 


Gly 


Asp 


Tyr 


Gly 


Gly 




Pro 


leu 


val 


Cys 


Glu 


Gin 


His 


Lys 


Met 


Met 


val 


Leu 


Giy 


Val 










680 


















690 


30 


lie 


val 


Pro 


Gly 


Arg 


Gly 


Cys 


Ala 


He 


Pro 
700 


Asn 


Arg 


Pro 


Gly 


lis 






Val 


Arg 


Val 


Ala 


Tyr 


Tyr 


Ala 


Lys 


Trp 


lie 


His 


Lys 


lie 


lie 












710 


















720 




Leu 


Thr 


Tyr 


Lys 


val 


Pro 


Gin 


Ser 


728 
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4. A pharmaceutical composition which contains the protein of claim 1 or 3 as an active ingredient 

5. A DNA fragment which contains a nucleotide sequence or a portion of the nucleotide sequence below 
(SEQ ID No. : 5) : • . 



ATG TGG'GTG ACC AAA CTC CTG CCA GCC CTG CTG CTG CAG CAT 

45 Ore CTC CTG CAT CTC CTC CTG CTC CCC ATC GCC ATC CCC TAT 

45 

GCA GAG GGA CAA AGG AAA AG A AGA AAT ACA ATT CAT GAA TTC 

93 •-.*•. 
AAA AAA TCA GCA AAG ACT ACC CTA ATC AAA ATA GAT CCA GCA 
50 : * 141. 

CTG AAG ATA AAA ACC AAA AAA GTG AAT ACT GCA GAC CM ~G^ 

, . 139 ' * - 

GCT AAT AGA TGT ACT AGG AAT. AAA GGA CTT CCA TTC ACT 'TGC 

237 

55 
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AAG GCT ?TT G T? ^ ^ T 

- * - wAT AAA GC.a Art * n,, ^ 
TTC CCC TTC MT A ,~ " " GC CTC TGG 

" ~ C * AGT GGA GTS „ " 

«C CAT GAA TTT GAC CTC . M ^ ^ |$? TO 

A GAC ™ G & 
381 — nT1 GGT AAA GGA CSC AGC T'r ,„,. 

T " ATC ACT AAG A^t ~ MG GGA AC& GT * 

-CT AAG AGT 63C ATC AAA TCT c 

ATG ATA CCA CAC GAA r*. ' ' ?3G AG? TCC 

^AC GAA CAC AGC ^ 

^ AAA GAC CT, _ a „ ' ^ AGC ™* CC-3 

G - s -A AAC TAC TG* rra ' 

- « «. « ccc „ s „ ! A - T « « 

CCC „, GAA CTC TGT Mc ,,_ 5} « «» - ™ 

* « « « aat ccc cac : : s « « « 

« » ~ CCA CCC AAC m ra „. CK C ; !S ™ 

» « « - « «A TTC „ ^ * " T <" 

*« * » « « AAT TAT * csc ^ ~ " « « 

«C ACC CCA TCC TGC TAT ACT C T- c»- c ^ ^ 

GAC ACT GAT GTT rr T n- 861 ' ACT ATG 

«» « -A TCT CAC CCT TCC ^ " " f " ™ "« 
« «C ATG ACT CCT CAA AAT TTC AaJ ^ ^ ^ * 
CAA AAT TAC t oc "° ^ « =-» CCA 

1053 -' C CG„ AAT CCA CAT CCG -c- r.i ~ 

*=* 5TT acc ACT CAT C -« a.. 155 

--s„ctct ; K « 

- « «T w „ ~ * « CAA CAT „t TAT ■ 

: -ct cca ctaaca t=t^ ::::::: ^ - 

SAC TTA CAT CGT CAT ,~c -TC - AT6 

C TGla GA? - CCA car ~~ 
UTO MT GAG tAC TGC CG , WI _ . »~93 " GT ' 

GG -A CCC TGG ^ GC „ 

TAl ACS GGA AAT r/- A c . r 1341 

TAT TGC CC^ AT- - rT . * ?T CCT T6 = GAT 

1389 AT - lCr Co? TGT G^i; GGT ran . , 

ATA GTC AAT - A or « CC ^ CC ' *CA 

1437 "* CflT G CC GTA ATA t CI T-t 

*** «* "TG CGA G? T gta ,»t «v *** *« 

-, 35 * — ^ CCA ACA CGA A C A AAC 
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ATA GGA TGG ATG GTT AGT TTG AG A TAG * AG A AAT AAA CAT ATC 

1533 ' ■ * 

TGC GGA GGA TCA TTG ATA A AG GAG AGT TGG GTT CTT ACT GCA 

15S1 

5 CGA CAG TGT TTC CCT TCT CGA CAC TTG AAA GAT TAT GAA GCT 

1629 

TGG CTT GGA ATT CAT GAT GTC CAC GGA AG A GGA GAT GAG AAA 

1677 

TGC AAA CAG GTT CTC AAT GTT TCC CAG CTG GTA TAT GGC CCT 

10 

GAA GGA TCA GAT CTG GTT TTA ATG AAG CTT GCC AC-G CCT GCT 
1725 

GTC CTG GAT GAT TTT GTT AGT ACG ATT GAT TTA CCT AAT TAT 

17 73 - . ■ ' - 

15 

GGA TGC ACA ATT CCT GAA AAG ACC AGT TGC AGT GTT TAT GGC 
1S2I 

TGG GGC TAC ACT GGA TTG ATC AAC TAT GAT GGC CTA TTA CGA 

1869 

20 GTG GCA CAT CTC TAT ATA ATC GGA AAT GAG AAA TGC AGC CAG 

1917 

CAT CAT CGA GGG AAG GTG ACT CTG AAT GAG TCT GAA ATA TGT 

1965 

GCT GGG GCT GAA AAG ATT GGA TCA GGA CCA TGT GAG GGG GAT 

55 2C13 - 

TAT- GGT GGC CCA CTT GTT TGT GAG CAA CAT AAA ATG AG A ATG 

GTT CTT GGT GTC ATT GTT CCT GGT CGT GGA TGT GCC ATT CCA- 
2061 

3Q AAT CGT CCT GGT ATT TTT GTC CGA GTA GCA TAT TAT -GCA AAA 

2109 

TGG ATA CAC AAA ATT ATT TTA ACA TAT AAG GTA CCA CAG TCA 
2157 

TAG 2187 - 



wherein at least one base may be substituted based on the degeneracy of genetic code. 

6. A single chain protein having an activity to enhance the growth of vascular endothelial cells obtainable 
from the DNA fragment of claim 5. ... . . .. 

7. A DNA fragment complementary to the DNA fragment of claims. 

8. An expression vector which contains the DNA fragment of claim 5. ",.-'<■'.'' 

9. A transformant transformed with the DNA fragment of claim 5. 

10. A transformant transformed with the expression vector of claim 8. 
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FIG. 7 
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FIG.9 
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FIG. 11 
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FIG. 12 
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SO GCU CAG AGC CGA CUG GCU CUU UUa GGC An,, r , 

::; ;:: :: f - s a s « s - a » » s s 
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